The Gulf Cooperation Council (GCC) is a political and economic union of Arab states bordering the Persian Gulf. It includes Bahrain, Kuwait, Oman, Qatar, Saudi Arabia, and the United Arab Emirates.[@ref1] The headquarter of the GCC is in Riyadh, the capital of Saudi Arabia. Although great cultural and linguistic similarity is found between the GCC countries, they are diverse at the education and research institution level. Much of this diversity arises due to the disparity in monetary resources, population, and country's covered area. For instance, Saudi Arabia, the largest GCC country (spanning a total of 2,217,949 square kilometers) with a GDP of 748.4 billion US dollars,[@ref2] has vastly different resources compared to Bahrain, the smallest GCC country with a total covered area of 678 square kilometers and a GDP amounting to 32.8 billion US dollars.[@ref3] Similarly, there are huge differences in population among the member countries. These economic and demographic differences also extend to the number of educational and research-generating institutes within each country in the GCC. This in turn affects the productivity of research activity in each country. Research activities in a country have a direct impact on improving health care and policy.[@ref4] The history of education and research in GCC member countries is not very old although research activities are promoted at governmental and institutional levels. Even the guidelines for academic promotions of the faculty working in most of the institutes in GCC countries put a heavy weight age on the research productivity.[@ref5],[@ref6] Publication in journals is the eventual outcome of scientific research. Several previous studies have examined bibliometric trends in Iran,[@ref7] Oman,[@ref8] United Arab Emirates,[@ref9] and Saudi Arabia.[@ref10],[@ref11] Studies for the whole GCC countries have also been carried out.[@ref12]-[@ref16] This study aims to extend this knowledge by comparing the research productivity of GCC countries in the field of biomedical sciences over the last 3 years. Research productivity was measured in 2 dimensions. Firstly, all countries were compared in terms of the number and types of publications in Pubmed-indexed journals and secondly, the quality of the publications was determined taking journal impact factor (IF) as a measure of quality.

Methods {#sec1-2}
=======

This is a retrospective study conducted at the Department of Pharmacology, College of Medicine, Alfaisal University, Riyadh, Saudi Arabia. Data on biomedical publications, which originated from GCC countries (Bahrain, Kuwait, Oman, Qatar, Saudi Arabia, and United Arab Emirates) was retrieved from PubMed. PubMed was preferred over Embase due to 2 reasons. First, search results has shown overlapping with slightly more sensitivity with PubMed.[@ref17] Second, all investigators were more familiar with Pubmed and found it user-friendly. Each country's name was used as a keyword in the search feature of the website, and the search was limited by specific "pubdate". All publications published between January 2011 and December 2013 were retrieved.

All investigators were assigned to a specific country for search. The inclusion and exclusion criteria were clearly defined prior to the study. There was a fortnightly meeting of the whole group for updating. Any controversial issue regarding the inclusion or exclusion was resolved unanimously in the meetings. All abstracts that appeared in the results were transferred to a single word document. As already reported by Tadmouri and Bissar-Tadmouri,[@ref18] there are issues in the sensitivity of using Pubmed, each abstract was read carefully for any inclusion or exclusion criteria. The inclusion criteria for this study were 1) All studies that were conducted in, and published from, GCC countries - including regional and international collaborative studies in which GCC researcher(s) was/were also involved. There were few publications, which included authors from more than one GCC country. In those cases, credit was given to all countries. 2) All studies which were performed outside the GCC countries, but at the time of submission of papers and publication, the author(s) was/were working in any of the GCC countries. We verified this by looking at the place of study and current affiliation of the author(s). 3) All studies which were conducted in GCC countries, but at the time of publication, the author(s) was/were working outside GCC countries. Exclusion criteria were followed based in our previous study;[@ref8] 1) All studies, which were neither conducted in GCC countries nor belonged to any GCC scientists, were excluded. Such publication appeared in search results because the name of the country was mentioned in the text. This included some authors under the name "Oman", reference to some Omani family, reference to Bay of Oman or some previous study performed in any GCC country. 2) All studies not related to biomedical sciences; for example, publications belonging to pure physics, chemistry, and engineering were also excluded. Publications unrelated to any of the biological sciences were excluded. Each abstract was analyzed meticulously for area of research, type of publication, year of publication, institute where the study was conducted, and the journal IF. The type of publication (original research article, review, case report, and so forth) was documented as classified by the journals themselves. The journal IF for 2013 was applied to all publications. Full-length original articles, review articles, and publications mentioning new research methods/new technique were assigned full IF of the journal. However, half of the journal IF was assigned to correspondences/commentaries, case reports/series, and short communications, as reported previously.[@ref8] This approach was adopted arbitrarily because this is simple without any other validated tool in differentiating the potentially highly cited scholarly publications from the less tedious case reports or commentaries. All these attributes of the publications were coded and entered into Microsoft Excel.

For some publications, all the required information was not available on Pubmed-retrieved abstract. In such situations, full text articles were accessed from the journal web sites. After entering all the data in the coded form, decoding was carried out on Excel sheet and figures and tables were generated for comparative analysis of biomedical publications among the GCC countries and within each country over the range of 3 years.

Normalization of number of publications with population {#sec2-1}
-------------------------------------------------------

The size and population of GCC countries are highly variable making them unequal in human resources and the number of academic institutes. Therefore, total number of publications was normalized with population by dividing each country's total number of publications by total population of that country, then multiplying with 100,000 people. This yielded us the unit of number of publications per 100,000 people. The official population reported by the World Bank for 2013 was taken as the population of each country.[@ref19]

Calculation of mean impact factor for a year {#sec2-2}
--------------------------------------------

Journal IFs of all yearly publication by each country were summed up and then divided by the total number of publications in that year. This yielded the mean IF for that particular year, which was used for comparative analysis among the GCC countries as well as within each country over the selected 3 years.

Statistical methods {#sec2-3}
-------------------

Statistical analysis was performed by the IBM SPSS Statistics for Windows version 21.0 (IBMCorp, Armonk, NY, USA). A log-linear analysis was performed to examine the numbers of publications categorized according to country, year, and type of publication. This was followed up by individual Chi-square analysis, and significant effects were identified by examination of standardized residuals. The IF data were analyzed using the 2-way ANOVA, which was followed up by simple effects analyses using Fisher's LSD or Tukey's HSD post hoc tests as appropriate. For all analyses, statistical significance was defined using a probability level of *p*\<0.05

Results {#sec1-3}
=======

We retrieved a total of 11,000 publications (between January 2011 and December 2013) from Pubmed. Based on the study's exclusion criteria, 9,222 biomedical publications were selected for analysis.

[**Table 1**](#T1){ref-type="table"} shows the distribution of country-wise publications over 3 years. As evident, there has been a successive increase in the number of publications over the study time in almost every country. The most striking increase in the number of publications over the past 3 years was from Saudi Arabia.

###### 

Distribution of biomedical publications in Gulf Cooperation Council countries between January 2011 and December 2013.

![](SaudiMedJ-36-1103-g001)

[**Table 2**](#T2){ref-type="table"} demonstrates the normalized data per 100,000 people of [**Table 1**](#T1){ref-type="table"}. Although Saudi Arabia tops the list with a total number of publications, it can be observed after intervention with normalization, the performance of Oman, Qatar, and Kuwait seems far better than Saudi Arabia in terms of research productivity. Furthermore, regression slopes were also plotted for normalized publication rates for all the countries as shown in [**Figure 1A**](#F1){ref-type="fig"}. Statistical analysis revealed that the regression slope of Oman has a steeper slope than all except Qatar and Kuwait ([**Figure 1B**](#F1){ref-type="fig"}). It was interesting to note that all 6 GCC countries are consistently performing better in terms of number of research publications even after normalization over time.

###### 

Distribution of biomedical publications in Gulf Cooperation Council countries between January 2011 and December 2013 after normalization with respective population as mentioned in the methods.
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![Regression slopes of all countries after normalization with population. **A)** Normalized publication rate slopes for the 6 Gulf Cooperation Council countries and **B)** *p* value of the comparative analysis of regression slope. Normalization of publications per year for each country was performed by dividing the total number of publications in a year with the population of that country.](SaudiMedJ-36-1103-g003){#F1}

[**Table 3**](#T3){ref-type="table"} depicts the trend of distribution of various types of publications in all 6 countries over 3 years. Original research articles were statistically significant χ^2^ (10) = 122.3, *p*\<0.001, and residuals analysis showed that this was largely due to Oman's proportionately steep rise in this type of publication over 3 years (residuals: -7.4, 0.8, 6.7). Marginally significant residuals were found in Saudi Arabia in 2013 (-2.0) and Kuwait in 2011 (2.1). Case reports were statistically significant χ^2^ (10) = 32.5, *p\<*0.001, and residuals analysis showed that Oman in 2011 had fewer (-2.6) and Kuwait had higher (2.7) numbers of publication than expected. In addition, UAE had fewer (-2.3) case reports than expected in 2013. Review articles had statistically significant values of χ^2^ (10) = 23.8, *p*=0.008 with further analysis demonstrating that Oman had fewer (-2.8) publications of this type in 2011 than expected. Research methodology publications were statistically significant χ^2^ (10) = 38.0, *p*\<0.001. Oman had fewer publications of this type in 2011 and 2012 (-2.0, -2.8) and more in 2013 (3.2) than expected. United Arab Emirates had fewer (-2.2) publications of this type in 2013 than expected. Also, statistically significant were the short communications and other articles with values of χ^2^ (10) = 50.0, *p*\<0.001. This was largely due to changes for Oman and UAE over the years 2011 to 2013; Oman was increasing (-3.6, 0.6, 2.4) and UAE was decreasing (1.9, 2.5, -3.4).

###### 

Distribution of types of biomedical publications in Gulf Cooperation Council countries between January 2011 and December 2013.
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Mean yearly IFs of all the biomedical publications emanating from the GCC countries are presented in [**Table 4**](#T4){ref-type="table"}. The data shows that the overall IF of all GCC countries has remained largely unchanged with the exception of Oman, which started at a lower IF value but improved considerably in the following years.

###### 

A comparative analysis of year-wise mean impact factor (IF) in 3 years for all Gulf Cooperation Council countries. Mean IF for each country was calculated by summing the IFs of all the publications of the year divided by the total number of publications in that year.
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Discussion {#sec1-4}
==========

Biomedical research is very crucial for the development of health care systems and their improvement. Quantity and quality of biomedical research publications are useful tools for assessing the productivity of biomedical research in a particular country.[@ref10] There are 2 previous studies, which have analyzed the increase in number of biomedical research publications from the GCC countries over a 10 year period (1990-1999)[@ref14] and 40 year period (1970-2010).[@ref16] However, there are some methodological differences. Deleu et al (2001)[@ref14] did not take into account the relative size of the countries while comparing the research productivity of GCC countries, and both studies included all the publications retrieved from Pubmed without excluding the false positive publications as mentioned in the methods.[@ref14],[@ref16] Keeping in mind the false retrievals from the Pubmed, this study was conducted which evaluates the research advancement of biomedical research in the GCC countries using meticulous inclusion and exclusion criteria to have a realistic view. As a result of manual scrutiny of each abstract, more than 16% publications were excluded from the analysis since these were found to be false positive. These differences in the analytic methods yielded more realistic data. For example, agreeing with Deleu et al (2001),[@ref14] Saudi Arabia tops the GCC countries in terms of absolute number of publications. All countries showed a linear growth in number of publications over the three years. Similar findings were reported by Latif (2015)[@ref11] for Saudi Arabia in a recent study. However, when we normalized these absolute numbers with the populations of the countries, Qatar's performance was found to be much better followed by Kuwait and Oman. The greatest surge in the relative number of publications during the study's selected time period was observed in Oman. Apart from comparative analysis, each country has remarkably increased its number of publications over the years.

Original articles are the reflection of research activities compared to other types of publications. These are the most important types of publications since these provide new information based on original research, and are supported by in-depth statistical analysis.[@ref20] Our data shows that Kuwait (\>70% of its total publications in three years) produced the most original articles followed by Bahrain (65%). It was also interesting to note that Oman had the lowest (39%) number of original articles published during the study period. Omani researchers' publications heavily relied on case reports and series (35%). A similar pattern of reliance on case reports, and the series by Omani researchers, was also shown in a previous report in the years 2005-2009.[@ref5] The magnitude of original papers from the remaining 3 countries (Saudi Arabia \[58%\], Qatar \[58%\], and UAE \[51%\]), remained stable during 2011-2013.

Apart from the number of publication, an additional objective of the study was to determine and compare the quality of publications published by GCC countries. Journal IF was employed as a proxy for the quality of publication. The journal IF is a parameter based on the number of times that a paper in a particular journal has been cited by other journals.[@ref21] The questions have been raised as the whether the journal IF can be used as a surrogate marker for the quality of the publication.[@ref22],[@ref23] However, we used this indicator in our study because in most of the situations, journals with high IF are considered as the ones in whom it is relatively difficult to publish and vice versa.[@ref24] This shows that it is still useful as a proxy for the quality of the research. In the present study, it was observed that the mean IF of the publications from individual countries remained similar over 3 years for the purposes of this study, and no significant change except publications from Oman. In addition to quantity, the quality of publications from Oman also serially increased from 2011 to 2013. However, when we compared the mean journal IF of all the countries, Bahrain was ahead with mean IF of 2.1 followed by Qatar (1.9).

Study limitation {#sec2-4}
----------------

There are few limitations in the current study. Firstly, our analysis consisted of publications indexed on Pubmed alone. While Pubmed is a premier database for biomedical publications, other publications, which could not be retrieved from Pubmed, are not included in this study. Many journals originating from the GCC countries are not indexed in Pubmed and majority of the papers published in such journals are by local researchers. If included, such publications might change the overall data as far as the number of publications is concerned. Secondly, Journal IF was used as testament of the quality of publication. However, it is debatable whether IF is a true measure of research publication quality.[@ref25] Finally, we arbitrarily assigned half of the journal IF to publications such as case reports and commentaries, as we have carried out previously.[@ref8] The sole purpose of this was to differentiate them from more scholarly, time-consuming and expensive original studies.[@ref26] In the absence of any other validated tool to differentiate these types of publications, we used this convenient method.

In conclusion, all 6 GCC countries are consistently producing more number of publications over time. Saudi Arabia leads with an absolute number of publications, Oman with number of publications normalized with population, Kuwait with percentage of original articles and Bahrain with mean IF of the biomedical publications. However, the quality of publications remains similar for the individual countries over time and needs to be improved by publishing in good quality journals with high IF.
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